In the current study, the cloud base height obtained from the ceilometer measurements, in Évora (south of Portugal), are compared with the results obtained from atmospheric modelling. The atmospheric model adopted is the nonhydrostatic MesoNH model, initiated and forced by ECMWF (European Centre for Medium-Range weather Forecasts) analyses. Also the simulated cloud depth results are presented. The availability of mesoscale modelling for the region, as well as the cloud local vertical distributions obtained from the ceilometer, provide a good opportunity to compare cloud base height and estimate the errors associated. From the obtained results it is possible to observe that the simulated cloud base height values are in good agreement with the correspondent values obtained from the ceilometer measurements.
INTRODUCTION
Clouds cover almost two thirds of the global surface. Depending on their properties, clouds can reflect incoming solar radiation, thus cooling the Earth-atmosphere system, reducing outgoing infrared radiation, and warming the system 1,2 . Information about cloud composition, structure and vertical distribution is of vital importance for the understanding of the radiation balance and energy budget of the earth-atmosphere system 3 . In this sense, cloud height and depth are significant parameters that need to be accurately determined.
A VAISALA Ceilometer CL31 is a compact and lightweight instrument that uses a pulsed diode laser LIDAR (light detection and ranging) technology, where short, powerful laser pulses are sent out in a vertical or near vertical direction, and may be very useful for cloud studies. This instrument measures the reflection of light (backscatter) caused by clouds, precipitation or other obscuration, which is analyzed and used to determine the cloud base height. A VAISALA CL31 Ceilometer is installed in the observatory of the Évora Geophysics Centre (CGE), as shown in Fig. 1 , since the beginning of May 2006 4 . The instrument measures the cloud base height up to three layers simultaneously, as well as the atmospheric backscattering.
The CL31 uses a second generation of advanced single lens design, providing excellent performance, which is used for transmitting and receiving light. This ceilometer also has a measurement range from 0 to 7.5km, maximum reporting resolution of 5m and programmable measurement cycle (from 2 to 120s). The CL31 uses an eye-safe laser InGaAs diode at 910nm.A full description of Vaisala CL31 Ceilometer can be found at http://vaisala.com. Particular attention must be paid to the representation of clouds in atmospheric models, since the formation and spatial distribution of clouds and precipitation is crucial for numerical weather prediction as well as for climate modelling 5 . Unfortunately, each individual cloud itself is a very complex non linear sub-system of the atmosphere 2 . The aim of this study is to compare the cloud base height values obtained from the ceilometer measurements, in Évora, with the results obtained from atmospheric modelling. In this work, the atmospheric model adopted is the MesoNH model 6 .
MesoNH is a mesoscale, nonhydrostatic model that has been developed by the Centre National de la Recherche Meteorologique (CNRM, Meteo France) in cooperation with the Laboratoire d'Aeérologie (LA, CNRS). A complete description of this model can be found at http://mesonh.aero.obs-mip.fr/. MesoNH is able to simulate atmospheric circulations from small to synoptic scales with a horizontal resolution ranging from a few meters to several tens of kilometers and it can run in a two-way nested mode concerning up to 8 nesting stages.
Parameterizations for turbulence 7 , shallow and deep convection 8 and cloud microphysics 9 are included. The explicit bulk microphysical scheme includes the treatment of the three water phases with five species of precipitating and nonprecipitating liquid and solid water 9 . The subgrid-scale convection is parameterized by a mass-flux convection scheme 8 , which simulate some properties of convective clouds, particularly its base and top heights.
MesoNH is also coupled to an externalized surface model (SURFEX) which computes the fluxes between the atmosphere and the surface, taking into account the soil-vegetation-atmosphere exchanges 10 . MesoNH uses the Morcrette and Fouquart 11, 12 ECMWF radiative transfer model to compute the shortwave and longwave radiative fluxes. In the shortwave spectral region clouds are described by means of the Delta Eddington approximation 13 .
Since the presence of dust aerosols are taken into account in the cloud microphysical schemes used in the model, MesoNH model includes a dust scheme which uses the Dust Entrainment and Deposition Model 14 to describe dust sources and sinks while dust advection and diffusion are quantified by the transport processes.
In the simulations performed, the MesoNH was initiated and forced by six-hourly ECMWF analyses. The simulations started at 00:00 UTC on 26 May 2006 and ended at 00:00 UTC 30 May 2006. The first day of simulation has been used as a model spin-up period. For this work, MesoNH run in a two way nested mode on two grids. In the horizontal plane, the coarser domain had 60 x 90 grid points, with 50 km grid spacing, and the finer domain had 150 x 225 points and a space resolution of 10 km, as shown in Fig. 2 . In the vertical, 49 layers were used from the surface up to 24km height.
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RESULTS AND DISCUSSION
The considered period of study is between the 26 and 30 May 2006. During this period, on days 27 and 28 May low and medium altitude clouds were observed in the afternoon, while in the other days only very few clouds were observed over the region in study. Therefore only the results referring to 27 and 28 May will be analysed and compared with the simulated data obtained from MesoNH. Figs. 3a and 3b show the ceilometer backscattering measurements for 27 and 28 May 2006, respectively, from 0:00 to 24:00 UTC, in Évora. From Figs. 3a and 3b it is noted that in this period most of the clouds occurred in the afternoon. Between 18:00 and 22:00 UTC it is possible to observe, particularly on 28 May, the formation of convective clouds. For that reason the time interval between 18:00 and the 22:00 UTC was selected for both days. simulated results obtained for 27 and 28 May, respectively, between 18:00 and 22:00 UTC. The MesoNH simulated results correspond to the smallest innermost domain (10km resolution). According to Fig. 4 , it is possible to observe that the model simulates the development of convective clouds over different regions, namely over the Atlantic Ocean, the Atlas region in North Africa and the south of Iberian Peninsula. The convective clouds that are formed over the ocean region are more persistent in the same geographical area, than over land, particularly over Iberian Peninsula where the formation, development and dissipation of clouds occur in a shorter time interval.
On 28 May 2006, according to Fig.5 , it is possible to observe that, for both continental and oceanic regions, the convective clouds are more confined to the same geographical regions as compared to the previous day and the convective clouds are more confined to the same geographical regions as compared to the previous day and their occurrence, particularly over the Iberian Peninsula and North Africa, seem to reduce from 18:00 to 22:00 UTC.
One can notice that the modeled convective clouds are not positioned over Évora. On 27 May (Fig. 4 ) the convective clouds are located east of the Évora area, and on 28 May (Fig. 5 ) the clouds are situated in the Center/North of Portugal. Therefore, in order to compare the CLBASCONV modeled height with the ceilometer measured cloud base, the height of CLBASCONV, averaged over the closest area from Évora geographical site, was considered. Tables 1 and 2 Tables.   For 28May (Table 2) , around 21:00 UTC, the ceilometer did not detect any cloud, although the corresponding simulated value height of CLBASCONV is presented. (Figs. 4 and 5) , the modeled cloud base height values seem to be in good agreement with the correspondent VAISALA Ceilometer measurements. These results encourage analyzing other situations and more days are already planned to be investigated. 15 , is the cloud depth of convective clouds. In this study the simulated cloud depth was estimated as the difference between the height of top of convective clouds (CLTOPCONV) and the height of base of convective clouds (CLBASCONV).
Figs. 6a and 6b show an example of the cloud depth estimated results obtained for 27 and 28 May, respectively. To note that, in continental regions (Iberian Peninsula and Northern Africa) the cloud depth values found are greater than the cloud depth values found over the Atlantic Ocean region. 
CONCLUSIONS
The aim of this study is the comparison between the cloud base height values obtained from ceilometer measurements and the results obtained from atmospheric modelling, over Évora in the South of Portugal. In addition, the cloud depth values are also estimated by means of the model for the area considered.
From the results it is possible to conclude that, although the simulated results of the cloud locations are slightly spatially dislocated from the observation site, the simulated values of the base height of convective clouds agree fairly well with the ones obtained from measurements.
It is planned to proceed with this work and extend the comparisons between measurements and modeling for longer periods and various cloud types, in order to quantify the model error. Proc. of SPIE Vol. 7475 747512-7
